The objective of this study was to compare the outcomes at 5 years of age of SGA and AGA children born <28 weeks of gestation. The method used was a longitudinal follow-up of a cohort of 37 dyads of SGA and AGA infants matched by gestational age (GA), gender, and date of delivery. Mean GA was 26 ؎ 1.2 weeks, and BW was 638 ؎ 77 g for SGA and 833 ؎ 134 g for AGA (P < 0.0001). The SGA infants remained lighter at 3, 24, and 60 months. Their head circumference was statistically smaller at 3 and 60 months, and their length remained lower but no longer statistically significant. There was no difference after the second year of life between SGA and AGA children in the need for rehospitalization (16% versus 11%) and the incidence of medical problems such as Otitis (38% versus 41%) and asthma (24% versus 30%). SGA exhibited more neurodevelopmental deficits (41% versus 30%) and severe handicaps, including CP, blindness, deafness, and mental retardation (22% versus 14%). Those deficits were seen predominantly in association with microcephaly, which was more prevalent in the SGA group. We conclude that the combination of severe prematurity and intrauterine growth retardation constitutes a serious developmental handicap and predisposes to physical and developmental delays. The presence of microcephaly further aggravates the prognosis.
U
ntil recently, most long-term follow-up studies on extremely low birth weight infants have based their assessment on birth weight without consideration of their gestational age. Severely premature infants who are also small-for-gestational-age form a very special risk group not only because of their degree of prematurity but also because of the chronic malnutrition and hypoxia to which they had been exposed in utero. More recently, the maturity factor, ie, the gestational age, was introduced as an essential basis of comparison between AGA and SGA infants. We know from previous studies that SGA infants, both term and preterm, are generally experiencing more behavioral and educational difficulties. [1] [2] [3] [4] [5] However, limited information is available for SGA infants born at an extremely low gestational age. The majority of studies include infants born at an average gestational age of 29 weeks. [6] [7] [8] [9] We have recently reported on the increased mortality and shortterm morbidity of SGA infants born before 27 weeks and we compared them with AGA infants of similar gestational age. 10 We wish to report now our evaluation of a matched group of SGA and AGA infants born before 28 weeks of gestation over the first 5 years of their lives in terms of physical growth, medical and neurological complications, and developmental outcome. The preliminary evaluation at 24 months corrected age was presented earlier in abstract form. 11 
Materials and Methods

Patient Population
Infants delivered at the SMBD-Jewish General Hospital, a tertiary care perinatal center, between 1987 and 1994 were eligible for the study if they were born before 28 weeks of gestation. The gestational age was calculated from the last menstrual period and from ultrasonography performed between 16 and 18 weeks of gestation. If there was a discrepancy greater than 1 week between the two determinations, ultrasound dating was taken as reference. Infants with significant congenital or chromosomal anomalies as well as those with congenital viral infections were excluded. Infants were classified as SGA if their birth weight was below or at the 3rd percentile, using the Usher and McLean grid of intrauterine growth, constructed from infants born in the province of Quebec and extrapolated to 24 weeks. 12 Eighty-six SGA and 318 AGA infants satisfied the criteria described above. Of those, 46 (53%) SGA and 241 (76%) AGA infants survived and were available for follow-up (P Ͻ 0.0001).
Study Design
The 46 SGA survivors were matched with 46 AGA survivors according to gender, gestational age within 2 days, and delivery date within 12 months to account for possible changes in neonatal care. Of the initial cohort of 46 SGA-AGA dyads that had a full evaluation at 24 months of corrected age, 37 dyads (80%) completed the evaluation at 5 years of age. The perinatal data and evaluation at 24 months of those children who did not complete the 5-year evaluation were similar to those of the study cohort.
Outcome Variables
Information pertaining to the pregnancy, the delivery, and the NICU stay was collected from the mothers' and infants' charts.
Infants were seen at regular intervals in the neonatal follow-up clinic: at 3, 6, 12, and 24 months of corrected age, and yearly thereafter. The following outcome measures were collected from the follow-up charts:
• Medical history • Social history • Anthropometric measurements were plotted on standard growth curves for boys and girls and expressed as Z-scores. Microcephaly was defined as head circumference below the 5th percentile for age corrected gestation.
• Physical and neurological assessment was performed by a developmental pediatrician. Hearing screening was performed at 3 months corrected age using auditory brainstem response, with further audiologic evaluation as needed. Vision screening was performed at about 12 months corrected age and before school entry.
• The Griffith Mental Developmental Scale administered by trained personnel was used at 6, 12, and 24 months corrected age and the Stanford-Binet Index at 5 years. If the developmental pediatrician judged it necessary, the children were also referred and evaluated by a pediatric psychologist between 3 and 5 years of age, unaware of the child's medical history.
Children were classified as normal if they had a normal neurodevelopmental evaluation at age 5 years. In the normal group were included infants with amblyopia, refractive errors, mild hearing deficit, or speech delay not requiring therapy. Children were classified as having mild to moderate neurodevelopmental impairment if they had mild to moderate cognitive deficit, seizure disorder, abnormal neurological examination but not cerebral palsy, behavior disturbance, and speech delay requiring therapy. Children were considered as having a severe impairment if they had cerebral palsy, legal blindness defined as severe visual impairment meeting the criteria for state compensation, hearing loss requiring hearing aids, or severe mental retardation.
A child was diagnosed as having global delay if he/she had a deficit in more than one sphere of development.
Statistical Analysis
The data were analyzed by using the Graph Pad InStat Software. Differences on categorical variables were analyzed by 2 statistics or Fisher's exact test if cell sizes were less than 5. Student's t test was used for continuous variables. MannWhitney U-statistic was used for nonparametric data. A P value Ͻ0.05 was considered significant.
Results
Population Profile
There were 11 boys and 26 girls in each study group of SGA and AGA infants. Each group had a mean gestational age of 26 Ϯ 1.2 weeks, with a birth weight of 638 Ϯ 77 g for the SGA infants and 833 Ϯ 134 g for the AGA infants (P Ͻ 0.0001). SGA infants also had a lower mean length (32.7 Ϯ 1.8 versus 33.8 Ϯ 2.6) and head circumference (23.0 Ϯ 1.3 versus 23.8 Ϯ 0.5) than the AGA infants, but the means were above the 3rd percentile for gestational age. There was a greater incidence of preeclampsia in the mothers of SGA infants, and these infants were more depressed at birth. The SGA infants required significantly longer ventilatory support (53 versus 32 days for AGA infants, P Ͻ 0.05) and oxygen supplementation (82 versus 55 days for AGA infants). At a postmenstrual age of 36 weeks, 22 SGA and 8 AGA infants were still oxygen-dependent. The incidence of intraventricular hemorrhage (IVH), of periventricular leukomalacia (PVL), and ventricular dilation were similar in the two groups. Retinopathy of prematurity (ROP) was more frequent and severe in the SGA group. Twenty SGA infants had stage ՆIII ROP versus only 2 AGA infants.
Growth Pattern
The growth parameters for the two groups, from 3 months corrected age until 5 years, are presented in Figs 1, 2, and 3. The AGA children caught up in weight and length by 5 years of age (z-score ϭ 0). The SGA children remained lighter and shorter than the AGA children. Their growth curves paralleled those of the AGA infants, but at a lower z-score, and did not catch-up to a z-score of 0 by age 5 years.
The head circumference z-score for both SGA and AGA children declined during the first 24 months, followed by stabilization, and mild improvement. However, the head circumference curve for the SGA children remained below that of the AGA children. At 5 years of age, 38% of SGA children and 16% of AGA children had microcephaly. We also noted that severe retinopathy of prematurity (Stage ՆIII) was associated with poor head growth. Overall, 10/22 (45%) children with severe ROP had microcephaly.
Medical Health
Following discharge from the NICU, the medical and surgical problems of the two groups were practically similar, as indicated in Table 1 . More than 50% of children SGA and AGA required hospitalization at least once during the first 2 years of life, the main indications being respiratory (bronchiolitis, pneumonia, reactive airway disease) and surgical (minor surgical proce- dures: hernia repair, placement of pressureequalizing [PE] tubes). Between 2 and 5 years of age, the incidence of otitis media and the need for rehospitalization dropped significantly in both groups. However, the incidence of reactive airway disease, which was also similar in both groups, has not declined after the second year of life.
Neuro-Sensory Outcome (Table 2)
Dystonia, defined as abnormality in muscle tone, was frequently diagnosed during the first year of life, and more so in the SGA group, 67% versus 43% for the AGA group. At 24 months, 7 SGA (19%) and 3 AGA (8%) children had been assigned the diagnosis of cerebral palsy, a finding confirmed at 5 years of age. Among the SGA children, 1 had spastic quadriplegia, 5 had spastic diplegia, and 1 had hemiplegia. In the AGA group, there was 1 child with spastic quadriplegia and 2 children with spastic diplegia.
Eleven SGA (30%) and 8 AGA (22%) children had refractory errors requiring correction. Severe visual deficit (legal blindness) was diagnosed in 3 SGA (8%) and 1 AGA (3%) children. Hearing deficit affected 5 SGA (14%) and 3 AGA (8%) children, with two in each group requiring the use of hearing aids. At 5 years, 11 SGA (30%) and 9 AGA children (24%) were diagnosed with speech delay.
General Developmental Index (Table 3)
Both the mean and the median General Developmental Index (GDI) decreased over the observation period for both the SGA and AGA children without much change in the range of GDI.
Neuro-Developmental Outcome (Table 4)
Twenty-two SGA (59%) and 26 AGA (70%) children were evaluated to be developing normally at 5 years of age, without any deficit. Among the 7 SGA children with mild to moderate impairment, 1 child had mild to moderate global delay, 3 had features of hyperactivity, 2 had mild cognitive delay, and 1 had abnormal behavior and speech delay. In the AGA group, 6 children had mild-moderate impairment: one had moderate global delay and 5 had features of hyperactivity.
Eight SGA and 5 AGA children were classified as being severely impaired. The mildest case in the SGA group had cerebral palsy and hyperactivity features. The other SGA children had multiple severe deficits and handicaps. Generally, the severity in the AGA group was less pronounced than that in the SGA group: 1 child was blind, but otherwise normal, 1 had behavior problems with hearing aids and speech delay, 1 had cerebral palsy and speech delay, 1 had severe development delay with cerebral palsy, and 1 had mild developmental delay with hearing aids and speech delay. In view of the significant increase in the number of children with microcephaly over time, we also examined the effect of microcephaly on the overall assessment of SGA and AGA children.
As shown in Table 5 , inappropriate head growth was associated with abnormal development, both in SGA and AGA children. Among the 20 children with microcephaly, 14 (70%) had developmental delay, of which 8 (40%) had severe impairment and 6 (30%) had mild to moderate impairment. Only 6 (30%) children were considered to have normal development. In contrast, among the 54 children with normal head growth, 11 (20%) had developmental delays, of whom 5 (9%) had severe impairment and 6 (11%) had mild-moderate impairment. The same Table indicates the incidence of severe ROP among infants with head circumference below or above the 5th percentile in the neonatal period.
Discussion
Premature infants born SGA form a group of infants at greater risk for severe perinatal morbidities when compared with AGA infants of similar gestational age. The data of the present cohort are in line with our earlier observations on SGA infants born Ͻ27 weeks of gestation, 10 as well as with those more recently published. [13] [14] [15] Our follow-up to 5 years of age shows that the overall growth of SGA children remains suboptimal, with only mild catch-up in length, when compared with the AGA children. The SGA children as a group remain smaller in all dimensions compared with children born AGA. Gutbrod and coworkers, 16 reported similar findings for SGA and AGA children born at an average gestational age of 32 weeks. Similar findings have also been reported for term SGA infants. 8, 17, 18 The SGA-AGA difference may be explained in part by the chronic intrauterine hypoxic state of the SGA infants, which may have altered their potential for future growth, and in part by their more difficult neonatal course.
Compared with the standard term population, SGA children experience only minimal catch-up in weight, while AGA children reach a z-score of 0 by 5 years of age. Although height significantly improved in both groups, especially over the first 2 years of life, AGA children did attain the 0 z-score, while SGA attained a score of -0.5. However, of greater concern is the decline in head circumference z-scores in both SGA and AGA children over the first 2 years of life, without significant recovery. At 5 years, 38% of SGA and 16% of the AGA children had a head circumference below the 5th percentile. We could not correlate this observed decline in head growth with the use of either antenatal or postnatal steroids, nor could we explain the decline in on the basis of postnatal nutritional factors. Recently, Brandt and coworkers 19 suggested that head catch-up growth may be promoted by high-energy nutrient intakes in the first days of life. Overall, only 22/37 (59%) SGA children exceeded the 5th percentile on all three growth parameters at 5 years, compared with 30/37 (81%) AGA children. Our data on SGA children are in agreement with the results of Monset-Couchard and de Bethmann for SGA children of birth weight under 1000 g. 20 Sixtyfive percent of them had catch-up growth in all three growth parameters at a median age of 9 years.
In terms of general health, because the SGA children had a higher incidence of chronic lung disease (59% versus 21% for AGA), we would have expected a greater incidence and severity of reactive airway disease or asthma in early childhood, as compared with the AGA children. This was not the case, as also was suggested by Amin and coworkers. 8 It is reassuring to see that the need for hospitalization decreased dramatically after the first 2 years of life, as also noted by Yu and coworkers. 21 The incidence of visual impairment was higher among SGA infants (Table  2) as was the incidence of severe ROP during the neonatal period, an observation also reported previously. 11 When we evaluated the neurological out- come, we found that the deficits were greater in the SGA children, despite a similar baseline incidence of IVH and PVL. There are conflicting reports in the literature on the incidence of cerebral palsy in SGA children. A large European study 5 reported an increased incidence of cerebral palsy in SGA children, especially in infants born after 32 weeks of gestation, but not so clearly in those born before 32 weeks. Similar findings were presented by Latal and coworkers, 22 using a cutoff point for SGA at the 10th percentile. Hutton and coworkers 9 and Veelken and coworkers 23 suggest that CP in very premature SGA children is related to prematurity and not to weight at birth. However, Hutton concludes that intrauterine growth restriction is a risk factor for minor neurological abnormalities independent of gestational age. Five of our six SGA children with cerebral palsy had a head circumference below the 5th percentile. This association of CP and small head circumference has also been described by Watemberg and coworkers. 24 The General Developmental Index and IQ were not different between the two groups of children when the severely affected children in both groups were excluded. Hutton and coworkers, 9 in a group of children born Ͻ32 weeks gestation, concluded that the intellectual quotient (IQ) was positively correlated with birth weight ratio. Robertson 4 described similar academic performance, once children with disabilities were excluded, but noted more hyperactive behavior among SGA children.
The negative effect of subnormal head growth on cognitive ability has been extensively reported in the literature. 3, 19, [25] [26] [27] More recently, Peterson and coworkers 28 reported on the negative effect of reduced brain volume on neurodevelopmental outcome at 20 months corrected age among prematurely born infants.
Finally, it appears that the overall neurodevelopmental delay among SGA children is more severe than that of AGA children. This is in keeping with previously published data. 3 However, in contrast, Amin and coworkers 8 did not find differences in major neurodevelopmental disabilities at age 3 years between SGA and AGA children of mean gestational age of 30 weeks.
Conclusion
At 5 years of age, children born SGA and extremely premature, are at higher risk for neonatal and childhood difficulties compared with AGA children of similar gestational age. Overall, at 5 years of age, very premature children born SGA remain smaller in all growth parameters than their AGA counterparts. They tend to exhibit more neurodevelopmental deficits (41% versus 30%) and severe handicaps, including CP, blindness, deafness, and mental retardation (22% versus 14%). Those deficits are seen predominantly in association with microcephaly, which is more prevalent in the SGA group. 
